The invasion of the yellow fever mosquito Aedes aegypti at Narita International Airport, Japan was detected for the first time. During the course of routine vector surveillance at Narita International Airport, 27 Ae. aegypti adults emerged from larvae and pupae collected from a single larvitrap placed near No. 88 spot at passenger terminal 2 on August 8, 2012. After the appearance of Ae. aegypti in the larvitrap, we defined a 400-m buffer zone and started an intensive vector survey using an additional 34 larvitraps and 15 CO 2 traps. International aircraft and passenger terminal 2 were also inspected, and one Ae. aegypti male was collected from the cargo space of an international aircraft from Darwin via Manila on August 28, 2012. Larvicide treatment with 1.5z fenitrothion was conducted in 64 catch basins and one ditch in the 400-m buffer zone. Twenty-four large water tanks were also treated at least once with 0.5z pyriproxyfen, an insect growth regulator. No Ae. aegypti eggs or adults were found during the 1-month intensive vector survey after finding larvae and pupae in the larvitrap. We concluded that Ae. aegypti had failed to establish a population at Narita International Airport.
INTRODUCTION
The introduction of invasive mosquito species is likely to harm human health, and recent notifications of the local transmission of dengue fever in Croatia (1) and Chikungunya fever in Italy (2) illustrate the vulnerability of humans to these vector-borne diseases in areas where the vector mosquito is present. The introduction and/or establishment of exotic mosquito species in temperate as well as tropical countries has become particularly important in the context of environmental and climatic changes, which may allow the spread of mosquito vectors and increase the risk of vector-borne disease transmission. Strengthening the surveillance of invasive mosquito species is therefore required, particularly in temperate regions (3) (4) (5) (6) (7) (8) (9) . In Japan, vector surveillance is conducted at international airports and international ports on the basis of the Japanese Quarantine Law. Quarantinable infectious diseases in Japan include vector-borne diseases such as malaria, dengue fever, and Chikungunya. Mosquito surveillance is therefore conducted as an important activity of quarantine stations in Japan to detect the establishment of invasive mosquito species at an early stage in order to support the rapid implementation of control measures designed to eliminate the mosquitoes.
Mosquito surveillance has been conducted at Narita
International Airport, Japan since October 1978, and Aedes aegypti adults were collected 3 times during the inspection of international aircraft from Manila and Bangkok in 1980, 1992, and 1993. At Tokyo International Airport (Haneda), one engorged Ae. aegypti was collected on August 28, 1972 from an aircraft that had landed in Manila and Cairo in the morning and in Bombay and Bangkok at night (10) . During the period from 2001 to 2005, 2,161 aircraft that had arrived at Narita International Airport from North and South America, Asia, Oceania, and Europe were inspected, and adult mosquitoes were found in 1.2z of the aircraft (11) . In 2009, an adult Ae. aegypti was collected at Narita International Airport during the inspection of an aircraft from Manila (12) . In addition to aircraft inspections, larvitrap and CO 2 trap collections are conducted as part of the mosquito surveillance at Narita International Airport, and no Ae. aegypti larvae or pupae were found until August 2012. Here, we report the first detection of Ae. aegypti larvae and pupae in a larvitrap placed at Narita International Airport and the results of the implementation of control measures aimed at eliminating Ae. aegypti.
MATERIALS AND METHODS
Surveillance area: Narita International Airport covers 1,145 ha, and it is located at 359 45?N and 1409 23?E, approximately 60 km east of Tokyo, at a mean altitude of 43 m above sea level. Two runways, 2 passenger terminal buildings, 1 cargo terminal building, and maintenance areas comprise the main facilities of the airport. Vector surveillance was conducted in this area and its 400-m buffer zone. 
190
Routine mosquito surveillance: Mosquito collection was routinely conducted every week throughout the year using 5 CDC miniature light traps (John W. Hock Co., Gainesville, Fla., USA) enhanced with 1 kg of dry ice per day (CO 2 traps). An enamel-coated steel container (156 × 156 × 223 mm, volume 3,000 mL) was used as a larvitrap. The surveillance area was divided into 12 subareas of 1 km 2 , and 6 subareas were selected for placing larvitraps. The presence of mosquito larvae in the larvitraps was examined every 2 weeks in warm periods (monthly average temperature À109 C). Aircraft from regions at high risk of epidemics of mosquito-borne diseases were selected and inspected by quarantine officers immediately after all passengers had disembarked. The search and capture method of insects in an aircraft was performed as described previously (10) .
Intensive mosquito surveillance: After the appearance Fig. 1 ), within the buffer zone to examine the spread of the introduced Ae. aegypti. Plastic containers of various sizes (1.5-10 L in volume) were used as larvitraps, and the inside walls of the containers were lined with Kimtowels (brown paper towels; Nippon Paper Crecia Co., Tokyo, Japan) to collect all eggs laid on the wall. The brown paper towel was replaced weekly, and the number of eggs on the paper towel was counted. All the collected eggs were reared to the 3rd or 4th instar larvae for species identification. The larvitrap survey in the 400-m buffer zone was continued until September 13, 2012. In total, 100-and 400-m buffer zones were defined, and 6 and 5 CO 2 traps, respectively, were distributed to collect adult Ae. aegypti around the infested larvitrap, in passenger terminal 2 ( Fig. 2 ). An additional 4 CO 2 traps were distributed outside the 400-m buffer zone. Mosquitoes were collected from the CO 2 traps daily for 3-7 days.
Because Ae. aegypti is an endophilic mosquito and various indoor larval habitats have been reported (13), we conducted mosquito inspection in the concourse for departing and arriving passengers at the satellite neighboring the No. 88 spot where Ae. aegypti was collected from the larvitrap. As potential indoor larval habitats of Ae. aegypti we found many potted plants and flower pot plates with stagnant water in the concourse for departing passengers. Larval inspection of those flower pot plates was conducted weekly from August 9 to September 14, 2012.
Larvicide treatment: On August 13, 2012, 5 days after Ae. aegypti was first detected, larvicide treatment with 7 g/m 2 Sumithion ES (1.5z fenitrothion; Sumika EnviroScience Co., Hyogo, Japan) was conducted in 63 catch basins for rain water and one ditch around passenger terminal 2. The effective period of the larvicide was estimated to be 3-4 days in preliminary field tests conducted in July 2012 using Culex pipiens pallens larvae. Therefore, larvicide treatment was conducted once every 10 days and continued until the last week of October 2012. Twenty-four large water tanks for fire prevention distributed around Narita International Airport were also treated at least once with insect growth regulator, 10 g/m 3 of ARS Sumi-larv (0.5z pyriproxyfen; Earth Biochemical Co., Tokyo, Japan).
Mosquito identification and virus detection from the collected mosquitoes: Adult and larval mosquitoes collected in this study were identified following the morphological key (14) . Flavivirus and Chikungunya virus detection in Aedes mosquitoes collected in this study was performed by one-step RT-PCR (15) and RT-PCR (16), respectively.
Meteorological data: Meteorological data were obtained from the nearest meteorological station (359 45.8?N, 1409 23.1?E) using the online database of the Japan Meteorological Agency (www.data.jma. go.jp/). 
Values in parentheses show the monthly average air temperature. CO 2 trap collections were conducted inside the passenger building from December 2011 to March 2012. 
RESULTS
The results of routine larval surveillance are summarized in Table 1 . The following 9 mosquito species were detected between June and October 2012: Aedes albopictus (Skuse), Ae. japonicus (Theobald), Culex pipiens group, Cx. tritaeniorhynchus Giles, Ae. aegypti (Linnaeus), Anopheles sinensis Wiedemann, Ae. togoi Theobald, Tripteroides bambusa (Yamada), and Uranotaenia novobscura Barraud. Excluding Ae. aegypti and Ae. togoi, all species were commonly found at Narita International Airport in recent years (11, 12) . Mosquito larvae and pupae were collected from a single larvitrap placed near No. 88 spot in passenger terminal 2 on August 8, 2012, and 27 Ae. aegypti adults emerged within a few days. This is the first record of the occurrence of Ae. aegypti in a larvitrap at Narita International Airport. Table 2 shows the number of adult mosquitoes collected in CO 2 traps placed around the passenger terminal and cargo terminal of Narita Airport in January-November 2012. A total of 144 adults of 5 species were collected, and no Ae. aegypti adults were collected from April to November 2012; however, during intensive inspection of international aircraft, one adult Ae. aegypti (male) was captured in the cargo space of an aircraft from Darwin via Manila at No. 87 spot on August 28, 2012. The monthly average air temperature varied seasonally between 2.5 and 26.59 C, and the average air temperature was 10.59 C in November 2012 ( Table 2) . The air temperature in outdoor habitats of Ae. aegypti at Narita International Airport in winter is º109 C, which is sufficiently low to prevent the overwintering of Ã100 100-400 AE400 Total Ã100 100-400 AE400 Total Ã100 100-400 AE400 Total Ã100 100-400 AE400 Total 
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Ae. aegypti in outdoor locations (17) . After the appearance of Ae. aegypti in the larvitrap, 41 larvitraps and 11 CO 2 traps were additionally distributed in the 400-m buffer zone. Table 3 shows the results of adult collection by CO 2 traps on August 9-16, 2012. Although 94 adults of 5 species were collected, no Ae. aegypti was found. The occurrence of mosquito eggs and larvae in larvitraps distributed in the 400-m buffer zone is summarized in Table 4 . Four mosquito species were found; however, no Ae. aegypti eggs or larvae were found for 1 month after the collection of Ae. aegypti in the larvitrap on August 8, 2012 .
No mosquito larvae were found by the weekly inspection of potted plants and flower pot plates at the concourse for departing passengers in the satellite at passenger terminal 2, although some Chironomid larvae were found.
During the 1-month period before the occurrence of Ae. aegypti, a total of 155 international aircraft were parked at 88 and 87 spot in passenger terminal 2. Among these, 57 arrived from southeast Asian countries where Ae. aegypti inhabit: Malaysia (27), Thailand (8), Philippines (17), Vietnam (3), and Sri Lanka (2). We were unable to determine from where the introduced Ae. aegypti originated in this study.
All Aedes adult mosquitoes, including Ae. aegypti emerging from the collected pupae, were examined for flavivirus and Chikungunya virus, and all were negative for the viral genes.
DISCUSSION
To protect against the invasion of Ae. aegypti at Narita International Airport in August 2012, our control strategy was to prevent the spread of Ae. aegypti outside the airport and restrict its distribution to outdoor habitats at the airport until the winter season. The air temperature in winter at Narita International Airport is º109 C, which is probably too cold for Ae. aegypti to overwinter (17) . Fortunately, no Ae. aegypti eggs or adults were found during the 1-month intensive vector survey after finding the larvae and pupae in a larvitrap; thus, we concluded that Ae. aegypti had failed to establish a population at Narita International Airport.
We defined a 400-m buffer zone for intensive vector surveillance and control in this study. The size of the buffer zone for effective control of mosquitoes depends on the dispersal ability of the vector mosquitoes (18) . Mark-release-recapture studies on the flight distance of biting Ae. aegypti have been conducted in many places, and the maximum flight distance varied depending on the environment of the release site (19) . In an isolated small village where the houses were clustered together, the flight distance of released Ae. aegypti was estimated to be º100 m (20) , whereas in a small Thai village where houses were distributed sparsely, a maximum flight distance of 566 m was detected (21) . For ovipositing Ae. aegypti, the availability of oviposition sites around the release site inversely affected the dispersal range (22) . In Rio de Janeiro, biting and ovipositing Ae. aegypti were released together into a peridomestic environment where oviposition sites and blood sources are abundant; however, they preferred to remain near the release site and failed to disperse beyond 100 m (23). The 400-m buffer zone together with the increased availability of oviposition sites in this study may have provided a suitable place for the introduced Ae. aegypti to lay eggs and establish a habitat. The larvicide treatment conducted in this study may therefore have effectively eliminated Ae. aegypti larvae from potential larval habitats at Narita International Airport.
The time required for intensive vector surveillance and control is a practical problem, and the longevity of adult mosquitoes must be one of the biological criteria in this decision. The longevity of Ae. aegypti adults has been primarily studied in the laboratory, and the mean longevity varied from 8 to 41 days depending on nutritional conditions (24) (25) (26) . The maximum survival of Ae. aegypti under field conditions was estimated to be 42 days in Kenya (27) . These results suggest that the introduced Ae. aegypti probably died within 1 month after the detection of larvae and pupae in the larvitrap on August 8, 2012; therefore, we terminated intensive larvitrap collection on September 13, 2012, whereas we continued larvicide treatment until October 31, 2012.
In 2010, more than 190,000 international aircraft arrived at and departed from Narita International Airport, and approximately 75,000 arrived from areas at high risk of epidemics of mosquito-borne diseases such as malaria, dengue fever, West Nile fever, and Japanese encephalitis. International aircraft have been recognized as an important pathway to accidentally introduce exotic mosquitoes (28, 29) . In 2001-2005, 2,161 aircraft arriving at Narita International Airport from North and South America, Asia, Oceania, and Europe were inspected, and adult mosquitoes were found in 1.2z of the aircraft (11) . Previously, Ae. aegypti adults were collected from international aircrafts 4 times in Narita International Airport in 1980, 1992, 1993, and 2009 , and once in Tokyo International Airport (Haneda) in 1972. These results clearly indicate a high risk of the introduction of Ae. aegypti to Japan by international aircraft and the importance of vector surveillance at international airports to eliminate Ae. aegypti-related risks.
The average air temperature at Narita International Airport in winter is º109 C, which is sufficiently low to prevent the overwintering of Ae. aegypti in outdoor habitats; however, one possible mechanism for Ae. aegypti overwintering at Narita International Airport still remains. Ae. aegypti is a well-known endophilic mosquito, and various indoor larval habitats have been reported (13) . The air temperature inside the passenger terminal at Narita International Airport is controlled at À209 C year-round (11) . During the inspection of passenger terminal 2 in this study, we found many flower pot plates with stagnant water that provided potential indoor habitats for Ae. aegypti to overwinter. Additional experimental studies on the successful overwintering of Ae. aegypti inside passenger terminal 2 will be required.
